that could be detected by colonial form or by various tests for smoothness did not become evident in our stock or working cultures.
Data on growth rates of Brucella are scant in the literature. Gerhardt and Gee (1946) and Gee and Gerhardt (1946) examined liquid cultures and described the effects of aeration on growth rate and culture yield. More recently, Wundt (1957) presented growth rates for three Brucella species in several liquid media. A search of the literature has failed to provide useful data on growth rates of Brucella on solid media.
The general objective of the experiments reported here was to examine population dynamics of two Brucella species on solid media. We wished to characterize a number of conditions: lag, log, stationary, and senescent growth phases; rates of growth; pH levels; and possible interactions among various culture conditions and culture viability. Limited information on these aspects of growth on solid media was required for the effective pursuit of a problem in the parasitic properties of Brucella.
MATERIALS AND METHODS
Cultures. B. neotomae (no strain designation) and Brucella abortus (strain LiCP-11) were supplied by N. B. McCullough. These strains grew readily on Trypticase Soy Agar (TSA) without CO2 added to the growth atmosphere. Stock cultures were maintained on TSA slants, and, when not in use, were stored in a refrigerator. During the relatively brief period of this investigation, changes that could be detected by colonial form or by various tests for smoothness did not become evident in our stock or working cultures.
Media preparations. TSA adjusted to pH 7.1 prior to autoclaving was the standard medium used throughout this investigation. Sterile 50% dextrose solution was added to a final concentration of 1 % (w/v) in TSA after autoclaving. This medium was used for slant cultures; as a plating medium for counting procedures; and, with various modifications, as the solid medium for the examination of growth phenomena.
In growth experiments, media were dispensed in 20-ml amounts into milk dilution bottles. This quantity, after hardening on one face of the dilution bottle, formed a slab with dimensions of approximately 40 by 100 by 5 mm. (These preparations are hereinafter referred to as TSA slabs.)
Trypticase Soy Broth (TSB) was used as a suspending fluid for inocula. It was also used as a wash-up fluid for harvesting growth from slab cultures.
Inocula. Cultures freshly prepared on TSA slabs were harvested after overnight incubation (16 to 17 hr) by suspending the growth in TSB. The resulting suspension was examined for purity, diluted as required in a 1:1 mixture of TSB and saline, and used to inoculate all the media samples in a given experiment. The inoculum for one slab, contained in 0.5 ml of the TSB-saline mixture, was distributed as a thin film over the surface of one slab before it was absorbed by the medium. Inoculated slabs were incubated at 37 C for appropriate intervals with the slab in a horizontal, noninverted position.
Harvesting (Fig. 1) . For both species, a lag phase was discernible; a log phase commenced at about 8 hr and continued through 18 hr. The rate of growth during the log phase was essentially identical for both organisms. For B. neotomae, the viable count reached a maximum of 1010 cells per ml at 36 hr, after which total viable cells declined, with the result that counts at 96 hr were slightly greater than the counts of initial inoculum.
In contrast to B. neotomae, the viable count for B.
abortus continued to rise through 72 hr when it reached a level of 5 X 1010 cells per ml. After 72 hr, there was a slow decline, such that the viable count at 96 hr was about 1.5 X 1010 cells per ml.
The difference in viability pattern of the two organisms after 36 hr was very striking, and indicated fundamental differences in cultural behavior. As a first point of inquiry, the pH levels of the agar cultures were checked by means of dye indicators. The only available cultures were 144 hr old when the tests were made. The B. neotomae slabs were pH 5.0 or below, whereas the B. abortus slabs were about pH 8.4. Computations applicable to the exponential portion of the growth curves indicate that the generation time for both organisms was 117 min, with a value of 0.0059 for the slope (k), t in minutes.
Counting plates from variously aged slabs were examined for unusual colonial forms. Minute colonies were frequent in the plates made from 72-hr B. neotomae cultures. These minute forms were present infrequently in previously, except that 50 ,ig/ml of erythritol were added to a suitable quantity of the TSA medium which included 1 % dextrose. The erythritol was sterilized by filtration through an ultrafine glass filter and was added aseptically to the previously sterilized medium. TSA slabs with and without added erythritol were utilized. Dilute suspensions of B. abortus and B. neotomae were used to inoculate separate groups of slabs.
Growth patterns for the two organisms, with and without erythritol, are shown in Fig. 2 . No consistent effect of the addition of erythritol upon the growth of either organism was discernible. The patterns of growth of the two organisms in the presence or absence of erythritol were essentially similar to the growth patterns previously observed. The B. neotomae cultures reached a maximal count of about 2 X 1010 cells per ml at about 36 hr and viable counts declined through 96 hr to near inoculation levels. The B. abortus counts declined only slightly from 48 to 96 hr. The growth of each organism was exponential from the time of inoculation until about 18 hr. The exponential portion of the growth curve for both organisms on media with or without erythritol yielded a Fig. 3 . The data indicate that 0.02 M phosphate buffer had no effect upon the growth response of either organism. The general patterns of growth previously described were again seen in this experiment, although a minor variation appeared, in that the B. abortus cultures failed to show a decline in viable count between 48 and 96 hr.
Changes in pH levels that occurred with time in the various cultures are listed in Table 1 . The presence of buffer probably exerted some retarding effect upon the rate of pH changes in B. neotomae cultures as they became acidic and in B. abortus cultures as they became alkaline. However, retarding effect of the buffer was relatively slight, and final pH levels were not altered by it. The use of other buffers or pH-controlling procedures was not undertaken in this investigation.
DISCUSSION
Our experimentation on the growth of Brucella on solid media showed that B. neotomae and B. abortus are relatively rapid-growing organisms with doubling times of approximately 100 min. The rate of growth in the logarithmic phase was independent of the size of the initial inoculum over the tested range. The B. neotomae and B. abortus strains yielded exponential growth rates which were essentially identical in all paired experiments.
Although patterns of growth of Brucella on solid media were examined in our experimentation, portions of the work of Gee and Gerhardt (1946) provide somewhat similar experimentation with aerated liquid media. These authors showed that generation time decreased as aeration was increased until aeration reached 2 volumes per min (volume of air to volume of medium) when generation times of 2.5 hr were recorded. With our cultures on the surface of solid media, gaseous exchange was presumably optimal; although our generation times of approximately 100 min are somewhat faster, they are in the same range as those recorded by Gee and Gerhardt for a liquid culture system. These authors also showed, as we did to a limited extent, that the rate of growth during the log phase and the final yield were independent of initial inoculum.
By way of contrast to our observations and to those of Gee and Gerhardt, the experiments of Wundt (1957) are of interest. This author records the growth of three Brucella species in several liquid media. Computations made by us from Wundt's graphical data indicate that generation times ranged between 9 and 12 hr. Wundt's cultures were contained in "tubes," and it may be that the growth of Brucella was greatly retarded by inefficient gas exchange. It is acknowledged that maximal rate of growth was not of primary concern in Wundt's experimentation. He was interested in comparing several media for growthpromoting capacity without particular concern for an optimal physical system.
In our growth experiments, B. neotomae cultures, after reaching maximal concentration, declined rapidly to low levels of viability. This marked loss of viability was associated with a progressive increase in acidity of the aging cultures. Acidity and loss of viability in B. neotomae cultures were not counteracted by the addition to the medium of 0.02 M phosphate buffer. In contrast, cultures of B. abortus, became alkaline as the cultures aged. Through 96 hr of observation, the viable counts of B. abortus cultures declined slightly, but they remained near maximal viable levels. Phosphate buffer added to the medium did not affect the final pH levels in these cultures.
In our culture system, the addition of 50 ,ug/ml of the carbohydrate mesoerythritol was without effect upon growth patterns of the test organisms. The findings of Smith et al. (1962) , Pearce et al. (1962) , and Williams et al. (1962) indicate that erythritol in tissue extracts and, as the carbohydrate, markedly stimulated the growth of B. abortus. Also, these authors reported that experimental Brucella infections in calves were enhanced by repeated injections of erythritol. McCullough and Beal (1951) described serial growth experiments with 12 strains of Brucella. With a basal synthetic medium to which single carbohydrates were added as sole sources of carbon, it was observed that erythritol provided the most consistent stimulation to sustained growth in serial subculture of all strains.
The scope of our inquiry did not permit us to define further the role of erythritol as a growth-promoting substance for Brucella. We were only able to determine whether erythritol would increase growth rates or alter the culture patterns that were typical of our growth system. The lack of stimulatory effect of erythritol in this system may stem from a number of factors: it may be that our particular strains of Brucella did not require erythritol for maximal growth (Williams, Keppie, and Smith, 1963) ; it may be that the presence of many carbon sources and an abundance of dextrose masked any stimulatory effect of erythritol that may exist in other media; it is possible that surface growth of the organism is not enhanced by erythritol; or the basic TSA medium may have contained adequate quantities of erythritol for stimulation and added erythritol exerted no additional effect.
Our interest in rate of growth, culture condition, and culture senescence arose from the need for cultures with well-known properties. It 
